The mine-tailing ponds are one of the indispensable and important facilities for mine industry, and it is a major artificial danger source with high potential energy. Accidents happening beside mine-tailing slopes will cause mine loss and environmental pollution, etc. Seriously, it will pose a huge threat to the residents living in the downstream in terms of their life and property safety [1, 2, 3, 7]. Strikingly, it is paramount for mining enterprises in guaranteeing their normal operation and surrounding ecological environment to improve the safety and stability of mine-tailing slopes. Wei Fa-zheng successfully and effectively enhanced the safety and stability of mine-tailing reservoirs by laying high-strength geogrid in dam body, burying soft-typed water pipe and other measures together[1]; Wei Zuo-an and other researchers proposed to reinforce mine-tailing dams by adopting the terminal scroll-type geogrid, which turned out effective in dam's stability enhancement [2] . Zhao Yi-shu and others carried out a model test study on the damage to the doom of the reinforced mine-tailing dams, showing that the blockade effects accompanying the damage process of the reinforced belt could effectively intensify the steadiness of dams [3] . Because of the complex mechanism of soil reinforcement and numerous factors influencing reinforcement effect, it is greatly instructive for engineering-project practices to ensure the main influencing factors.
I. RESEARCH BACKGROUND
The mine-tailing ponds are one of the indispensable and important facilities for mine industry, and it is a major artificial danger source with high potential energy. Accidents happening beside mine-tailing slopes will cause mine loss and environmental pollution, etc. Seriously, it will pose a huge threat to the residents living in the downstream in terms of their life and property safety [1, 2, 3, 7] . Strikingly, it is paramount for mining enterprises in guaranteeing their normal operation and surrounding ecological environment to improve the safety and stability of mine-tailing slopes. Wei Fa-zheng successfully and effectively enhanced the safety and stability of mine-tailing reservoirs by laying high-strength geogrid in dam body, burying soft-typed water pipe and other measures together [1] ; Wei Zuo-an and other researchers proposed to reinforce mine-tailing dams by adopting the terminal scroll-type geogrid, which turned out effective in dam's stability enhancement [2] . Zhao Yi-shu and others carried out a model test study on the damage to the doom of the reinforced mine-tailing dams, showing that the blockade effects accompanying the damage process of the reinforced belt could effectively intensify the steadiness of dams [3] . Because of the complex mechanism of soil reinforcement and numerous factors influencing reinforcement effect, it is greatly instructive for engineering-project practices to ensure the main influencing factors.
There are two common analysis methods for test results calculated by orthogonal experimental method: range analysis and variance analysis. This paper will employ the variance analysis method suitable for sensitivity analysis and significance test to determine the dominant factors that influence the stability of reinforced mine-tailing slopes [4] . The design of the reinforcement project in mine-tailing slopes will focus on the main factors dominating the stability of reinforced mine-tailing slope, so the governance for the reinforced mine-tailing slopes will become more reasonable, reliable and economical.
II. ORTHOGONAL DESIGN

A. Introduction to Orthogonal Design
Using Orthogonal experimental design (hereinafter called as orthogonal method for short) method, multi-factor and multi-level test programs can be in a reasonable and scientific arrangement and get reliable and convincing outcomes with a few numbers of tests. The orthogonal design first determines the factors influencing relevant indicators, then initially combines the orthogonal table to determine the level number and the level value of each factor. And later, determine the test plan based on orthogonal table, calculate and record the results and finally make reasonable analysis.
B. The Determination of the Orthogonal Factor Level Table
As for the mine-tailing slopes with geogrid reinforcement, from the perspective of engineering project, this paper mainly considers five factors: geogrid laying length (L), geogrid laying distance (D), geogrid laying angle (θ), geogrid tensile strength (T) and geogrid modulus (E) (hereinafter referring to: laying length, laying distance, laying angle, tensile strength and geogrid modulus for short). And then this study makes orthogonal analysis on the 5 factors with 5 levels, totally 25 kinds of cases. Besides, because the mine-tailing deposition sites always have a certain slope gradient smaller than 5%， this paper takes into account four levels from 1%~5%. The tensile strength is based on the "Geogrid (GB17689-2008)", taking 50KN/m, 80KN/m, 120KN/m, 160KN/m, 200KN/m as the five levels. Under the supposition that the deformation of grids is within its elastic range, the value of modulus is in the range of 0.5 GP to 15 GPa. The level of each factor can be seen in 
III. THE ESTABLISHMENT OF FINITE ELEMENT MODELS
A. Finite Element Calculation Model
The mine-tailing slope selected in this paper is 58-metre high, and the slope is uniformly distributed in 1:3. Mine-Tailing components are macroscopically divided into four layers shown in FIGURE1. From the bottom to the top, they are tail clay, tail silty clay, tail powder silt and tail silt layer, whose model parameters are shown in Table 2 . To establish the plane-strain model of finite elements, the left-and-right side should be under the horizontal constraint and the model bottom needs fixed constraint. The soil constitutive model is Mohr-Coulomb plasticity model and employs asymmetric algorithm to calculate in the analysis step. The grid partition adopts neutral axis algorithm and the soil-body model is divided into 6478 nodes and 6716 element by employing the strain element CPE4. The lattice only bears the truss element T2D2 and is divided in accordance with the seed size 5. The grid partition is shown in FIGURE 2. Moreover, initial conditions are added into the study to realize the calculation on the safety factor of the reinforced mine-tailing slope by the finite-element strength reduction method [14, 15] . 
A. Slope Stability Calculation Method
The basic principle of the strength-reducing method is to gradually reduce the cohesive force C and the internal friction angle  of soil's shear strength index. And the reduction factor Fz corresponding to the critical state is a tentative safety factor. For the Mohr-Coulomb plasticity, the shear strength parameter reduction model is expressed as:
In the formula: C is the cohesion of the soil; Cm is the cohesion of the soil after adjustment; Φ refers to the internal friction angle; Φm refers to the internal friction angle after adjustment; Fz is the strength reduction factor [5] ; Because the reinforced slope is different from the pure soil slope, the criterion of the slope stability is based on the displacement inflection point combined with the tensile strength of the geogrid. Therefore, the author first employs the finite element strength-reducing method, regards the inflection point of featuring point's displacement as a criterion to get the reduction factor Fz, and then finds out the corresponding reduction factor FT when the geogrid reaches the tensile strength. Subsequently, picking out the smaller one of Fz and FT as the final safety factor of stability F, and finally makes a variance analysis on the results of the finite element.
IV. ORTHOGONAL DESIGN CALCULATION RESULTS AND VARIANCE ANALYSIS
A. Orthogonal Design Calculation Program and Results
The plan of Orthogonal Experimental Design and the corresponding results of finite element strength reduction method are shown in TABLE 3. 
B. Variance Analysis
In this paper, variance analysis method is employed to analyze these results and the basic method of variance analysis shows as follows:
y is the result of the i th solution, Calculate the sum of squared deviations (squared deviations). The squared deviations k Q (k = L, d, θ, T, E) and the error of the deviation e Q (k = e) of each factor are calculated using Eqs. (3), (4) and (5). Comparing the size of squared deviation of each factor, we can distinguish the relative size of each factor sensitivity, that is, the larger the square of deviation, the more sensitive the factors.
Calculate the variance estimate. In this paper, as Q  is smaller than e Q , Q  can be regarded as the sum of squares of errors, which is written into e Q , and the corresponding degree of freedom f  is also incorporated into e f  , using formula (6) and (7) to calculate the variance estimates of the factors and errors.
Using formula (8) If F≥F0.01, it is highly significant effect, denoted as "***"; If F0.01> F≥F0.025, the significant effect is denoted as "**". If F0.025> F ≥ F0.05, for the impact is not very significant, recorded as "*"; If F <F0.05, there is no significant effect, denoted as "×". According to the analytic steps introduced before in this paper and by comparing the sum of square of each factor in TABLE 4, a conclusion can be drawn that the sensitivity of the five influential factors is as follow in order of most to least: laying distance (D), tensile strength (T), geogrid modulus (E), laying length (L), laying angle (θ). Based on steps above, a remarkable test has been made on the calculation results ( 
V. CONCLUSION
To effectively enhance the stability and safety of the reinforced slope in mine tailings, this paper adopts the orthogonal method to make a variance analysis on the five factors influencing the geogrid reinforcement on slope safety and stability of mine tailings, which has drawn the following conclusions:
a) The results show the sensitivity of all influential factors on stability and safety as follow in order of most to least: laying distance (D), tensile strength (T), geogrid modulus (E), laying length (L), laying angle (θ). The remarkable test show that laying distance (D) and tensile strength (T) both have very remarkable influence on stability and safety factor and geogrid modulus (E) comes second, while laying length (L) only shows a little and laying angle (θ) little.
b) The study has shown that the geogrid laying angle (θ) less than 5% has no significant effect on the geogrid reinforcement projects, which means when the slope angle of a deposition site is not more than 5% , it is the influence of geogrid laying angle (θ) on the stability and safety of reinforced slope that can be ignored . This paper employs the orthogonal method to analyze the parameters related to the slope reinforcement in mine tailing. The results obtained in this study have greatly reflected the effects of reinforcement material parameters on safety factors, which will offer a reference to the projects of geogrid reinforcement in mine-tailing slopes.
